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CURED LUBRICANT FOR CONVEYORS AND CONTAINERS 

FIELD OF THE INVENTION 

[0001] The present invention relates to lubricants for containers and for conveyors 
for transporting containers. More particularly, the present invention concerns the use 
of cured conveyor and container lubricants containing hydrophobic polymers and 
waxes. 

BACKGROUND OF THE INVENTION 

[0002] In many areas of manufacturing, including drink bottling and food 
processing plants, conveyors are used to move conteiiners such as bottles, jars, cans, 
and the hke between locations. In order to maintain line efficiency, keep the 
containers and conveyor parts clean, and provide lubrication it is customary to use a 
lubricant, typically an aqueous, soap-based or synthetic lubricant. These lubricants 
are generally sold as concentrates designed to be heavily diluted prior to or during 
use. For example, a typical dilution ratio might be 1 : 100 or even greater. 

[0003] Unfortunately, these conventional lubricants present certain disadvantages. 
For example, due to the heavy dilution, these lubricants tend to drip from the surfaces 
onto which they are coated, creating a safety hazard in plants and requiring constant 
clean-up efforts. In addition, the conventional lubricants typically require frequent or 
constant reapplication which adds to the cost and inefficiency of the lubricating 
process. Known lubricants are frequently incompatible with containers and/or 
conveyor parts. For example, many commercially available lubricants cause sfress 
cracking in polyethylene terephthalate bottles. 

[0004] Thus a need exists for a container and conveyor lubricant that is cost 
effective and efficient to apply and reapply, and is compatible with containers and 
conveyor parts. 



Atty. Dkt. No. 027969-01 14 



SUMMARY OF THE INVENTION 

[0005] The present invention provides lubricants for containers and for the 
conveyors on which the containers are transported, methods for applying the 
lubricants to containers and conveyors, and conveyors and containers coated with the 
lubricants. The cured lubricating coatings provided by the invention provide 
container and conveyor surfaces having very low coefficients of friction, in some 
instances coefficients of friction lower than 0.15. In addition to lubrication, the cured 
coatings provide wear resistance to the conveyor parts or containers and are easily 
repaired by subsequent coating applications. In some embodiments, the lubricants are 
cured coatings containing at least one hydrophobic polymer and at least one wax. 

[0006] One aspect of the invention provides a method for lubricating a container or 
a conveyor for transporting a container by applying a curable composition to at least a 
portion of the container or at least a portion of a conveyor part and non-thermally and 
non-radiatively curing the composition to form a cured substantially water-repellant 
lubricating coating on at least a portion of the container or conveyor part. The curable 
composition is characterized in that it includes at least one hydrophobic polymer and 
at least one wax. 

[0007] Another aspect of the invention provides a method for lubricating a container 
or a conveyor for transporting a container by applying a curable composition to at 
least a portion of the container or at least a part of the conveyor and non-thermally 
and non-radiatively curing the composition to form a cured substantially water- 
repellent lubricating coating on at least a portion of the container or the conveyor 
wherein the cured coating as applied has a coefficient of fHction of less than 0.15. 

[0008] Yet another aspect of the invention provides a method for lubricating a 
container or a conveyor for transporting a container by appljdng a curable 
composition to at least a portion of the container or at least a portion of a conveyor 
part and curing the composition to form a cured lubricating coating on at least a 
portion of the container or conveyor wherein the curable composition comprises an 
alkali soluble resin, at least one additional hydrophobic polymer and at least one wax. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shows the laboratory conveyor setup used to obtain coefficient of 
friction values for the cured lubricating coatings using the short track conveyor test. 

[0010] FIG. 2 shows a graph of the coefficient of fiiction versus time, measured 
according to the short track conveyor test, for the formulation of Example 1 . 

[0011] FIG. 3 shows a graph of the coefficient of fiiction versus time, measured 
according to the short track conveyor test, for the formulation of Example 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] In accordance with the present invention, cured conveyor and container 
lubricants having very low coefficients of friction are prepared from various 
hydrophobic polymers. In some embodiments, the cured lubricant coatings provide a 
coefficient of fiiction of no more than 0.15, as measured by a short track conveyor 
test. In addition to the hydrophobic polymer, the conveyor or container lubricants 
may also include at least one wax. The lubricants are applied to at least a portion of a 
container or at least a portion of a part of a conveyor for transporting containers in the 
form of a curable composition which is subsequently cured to produce a cured 
substantially water-repellent lubricating coating on at least a portion of the container 
or conveyor part. The cure is desirably a non-thermal and non-radiative cure. 

[0013] For the purposes of this invention, the term "cured" is used broadly to 
include any process wherein a substantially liquid composition goes from a 
substantially Hquid state to a solid or semi-solid state. Thus a cured coating is a 
coating that has been solidified, dried, polymerized or otherwise hardened into a 
solid-like coating. A composition is non-thermally cured when curing takes place at 
room temperatvire without the use of any additional heating sources, such as heaters, 
ovens, infrared lamps, or microwave sources. A composition is non-radiatively cured 
when curing takes place at ambient room lighting conditions without the use of 
additional radiation sources such as ultraviolet lamps, infrared lamps, x-ray, or 
gamma-ray sources. The abihty to produce a cured lubricating coating without 
thermal or radiative curing represents a significant advance because it reduces the 
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need for expensive and bulky processing equipment, thereby reducing processing 
costs and inefficiencies. 

[0014J As used herein, the phrase "substantially water-repellent" means the coatings 
have sufficient hydrophobic character such that they do not absorb or become swollen 
by water or other hydrophilic liquids to any significant extent. As such, the inherent 
lubricity properties of the lubricating coatings provided herein are not affected by 
contact with water or other hydrophilic liquids with which the coating might come 
into contact during use. As one of skill in the art would recognize, it is possible that 
the apparent lubricating properties of the coatings could be affected by the application 
of water or other hydrophilic liquids to the surface of the coating through 
hydroplaning effects. However, such effects would not constitute a change in the 
inherent lubricating properties of the coating itself. In general, the cured coatings will 
be fi-ee of or substantially free of poly(N-vinyl lactams) and polyacrylamides. 

[00151 The cured lubricants of the present invention have several advantages in 
comparison to other conveyor and container lubricants presently available. First, the 
cured lubricants provide a lubricated surface in the substantial absence of water. This 
saves the time and expense associated with the need to constantly reapply water-based 
lubricants to a conveyor system and eliminates the problems associated with lubricant 
dripping from a conveyor system onto a floor. As cured coatings, the lubricants are 
easily renewed and repaired by simply reapplying the lubricant compositions to worn 
or damaged portions of the containers or conveyors. Finally, in embodiments where 
the cured coatings are non-UV-curable coatings, the use of toxic starting materials 
which are commonly associated with UV-curable materials is avoided. 

[0016] The lubricating coatings may be applied to any conveyor-contacting surface 
of a container to be transported on a conveyor or any container-contacting portion of a 
conveyor part. Parts of a conveyor system that may be partially or wholly coated with 
lubricating coatings include any part that has the potential to impede the movement of 
a container along the conveyor. Examples of suitable parts include, but are not 
limited to, conveyor belts, tracks, chains, and chute guides. These conveyor parts 
may be made of a variety of materials including plastics and metals. In one 
embodiment, the lubricating coatings are applied to stainless steel conveyor parts. 
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The containers that may be lubricated with the cured coatings of the present invention 
include, but are not limited to, plastic, glass, paper, metal, and ceramic containers. 
Unlike many water-based lubricants, the cured coatings presented herein are not 
reactive toward common container materials. For example, the cured coatings do not 
cause stress-cracking in PET bottles. 

[00171 The cured lubricating coatings contain at least one hydrophobic polymer 
which desirably requires no thermal or radiative cure. The hydrophobic polymer may 
be any polymer capable of rendering a substantially water-repellent surface, having a 
reduced coefficient of friction either by itself or in combination with a wax. Many 
suitable hydrophobic polymers are known and commercially available. These 
polymers may be of the type known as thermoplastic or thermosetting. Thermoplastic 
polymers include, but are not limited to, polyurethane dispersions, silicones, 
fluorinated polymers, polyesters, and acrylics (homo- or co-polymers with other 
monomers, such as styrene). 

[0018] Acrylic polymers are particularly well suited for use in the coatings. These 
acrylic polymers may include a broad range of polymers made from various reactive 
monomers. Suitable monomers include, but are not limited to, acrylate and 
methacrylate monomers, such as butyl acrylate and methyl methacrylate. Polymers 
suitable for this invention may also include acrylic copolymers, where the acrylic can 
be modified by monomers such as vinyl acetate, styrene or vinyl chloride. Some 
examples of a modified acrylic hydrophobic polymer in the coatings of the present 
invention include C-41 Polymer Emulsion & B-98 Alkali Soluble Resin. The 
formulations for these polymers are presented in Tables 1 and 2 below. 

Table 1. C-41 Polymer 



COMPONENT 


AMOUNT (WEIGHT PERCENT) 


Deionized Water 


62.8 


Styrene 


11.9 


Butyl Acrylate 


11.2 


Methacrylic Acid 


4.4 


Alpha Methyl Styrene 


4.1 


Anionic Surfactant 


3.0 
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Methyl Methacrylate 


2.4 


Ammonium Persulfate 


0.2 


TOTAL 


100.0 


Table 2. B-98 Alkali-Soluble Resin 


COMPONENT 


AMOUNT 


Styrene 


28.3 


Acrylic Acid 


24.4 


Alpha Methyl Styrene 


34.3 


Di-tertiary Butyl Peroxide 


2.0 


Diethylene Glycol Ethylether 


1.5 


Diethylene Ethylether Acrylate 


9.5 


TOTAL 


100.0 



[00191 Alkali-soluble resins (ASR) made from copolymers of monomers such as 
styrene, acrylic acids and alpha-methyl styrene are a type of polymer that are 
desirably used as the hydrophobic component of the lubricating coatings. In some 
embodiments, the acid number of the ASR will be from about 75 to about 500 and the 
number average molecular weight of the ASR will be less than about 20,000. For 
example, in some coatings the ASR may have a number average molecular weight 
from about 500 to 20,000. The inclusion of these low molecular weight ASRs in the 
lubricating coatings may be advantageous because they help to expedite coating 
drying. It has been discovered that a mixture of an ASR with a higher molecular 
weight polymer emulsion (i.e. having a number average molecular weight of at least 
about 30,000, desirably at least about 40,000, or even at least about 50,000), is 
particularly well-suited for producing a fast drying, highly durable, lubricating coating 
with a low coefficient of friction. In these mixed ASR: polymer coatings, the ratio of 
ASR:poIymer on a solids:solids basis may range from about 99.9:0.1 to 0.1 :99.9. 
This includes embodiments where the ASR:polymer ratio on a solids:solids basis is 
from about 90:10 to 10:90, ftirther includes embodiment where the ASR:polymer ratio 
on a solids:solids basis is from about 70:30 to 30:70, still further includes 
embodiments where the ASR:polymer ratio on a solids:solids basis is from about 
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60:40 to 40:60 and even further includes embodiments where the ASR:polymer ratio 
on a solids:soIids basis is from about 45:55 to 55:45. 

[0020] Examples of fluorinated polymers found to be effective as the hydrophobic 
polymers in the lubricating coatings include Hylar Latex 932, a polyvinylidene 
fluoride emulsion or Algoflon D3105, a polytetrafluoroethylene emulsion, both from 
Solvay Solexis, Thorofare, NJ. 

[0021] Thermosetting polymers for use as the hydrophobic polymers in the 
lubricating coatings may include, but are not limited to, two component epoxy resins, 
two component polyurethanes and polyurethane dispersions which undergo an 
oxidative curing mechanism, requiring no thermal or radiative curing. An example of 
an oxidative-curing polyurethane dispersion is Neorez R9403, supplied by Neoresins, 
Wilmington, MA 

[0022] The amount ofhydrophobic polymer in the cured coating may vary. In 
certain embodiments the coating comprises at least 40 weight percent hydrophobic 
polymer based on the solids content of the cured coating. This includes embodiments 
where the coating comprises at least 75 weight percent hydrophobic polymer based on 
the solids content of the cured coating and further includes embodiments where the 
coating comprises at least 90 weight percent hydrophobic polymer based on the solids 
content of the cured coating. In other embodiments, the cured coating may include 
substantially less hydrophobic polymer. For example, the coating may include less 
than 30 weight percent hydrophobic polymer based on the solids content of the cured 
coating, or even less than 20 weight percent hydrophobic polymer based on the solids 
content of the cured coating. 

[0023] It is desirable to combine at least one hydrophobic polymer with at least one 
wax in the cured lubricating coatings. A variety of natural and synthetic waxes may 
be used in lubricating coatings. Specific examples of suitable waxes include, but are 
not limited to, camauba wax, olefin waxes, polytetrafluoroethylene (PTFE) waxes, 
polyethylene-based waxes, polypropylene-based waxes, paraffinic waxes and 
synthetic waxes, based on, for example, ethylene/acrylic acids. Suitable 
commercially available synthetic waxes include, but are not limited to, AC 540, AC 
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3105 and AC 392, all of which are available from Honeywell, Inc, Honeywell, N.J. A 
suitable camauba wax may be purchased from Lubrizol under the tradename Aquaslip 
952. 

[0024] The relative amount of wax in the cured coatings of the present invention 
may vary over a wide range depending on a variety of factors including the nature of 
the hydrophobic polymer used, the nature of the surface to be coated, and the desired 
degree of lubricity. In various embodiments the wax makes up at least 5 wt.% of the 
cured coating based on the solid material content of the coating. This includes 
embodiments wherein the wax accounts for at least 10 wt.%. In other embodiments 
the wax makes up a considerably higher percentage of the lubricating coating. For 
example, in some embodiments the wax makes up at least 20 wt.% based on the solid 
material content of the coating. This includes embodiments where the wax makes up 
at least 40 wt.% based on the solid material content of the coating, ftirther includes 
embodiments where the wax makes up at least 50 wt.% based on the solid material 
content of the coating, still further includes embodiments where the wax makes up at 
least 55 wt.% based on the solid material content of the coating and even further 
includes embodiments where the wax makes up at least 60 wt.% based on the solid 
material content of the coating. The ratio of hydrophobic polymer to wax in the wax- 
containing coatings may range from 5:95 to 95:5, desirably 10:90 to 90:10. 

[0025] The hydrophobic polymers and any waxes that make up the cured lubricating 
coatings may be applied to the containers or conveyors in the form of a liquid 
composition which is contacted with the container or conveyor through any of a 
variety of well-known application methods. For example, the compositions may be 
applied by spray coating, drip coating, roll coating, or application by a brush, cloth or 
sponge. The liquid may be an aqueous solution, dispersion or emulsion. 
Alternatively, organic solvents may be used to produce the solution. However, for 
environmental reasons, aqueous liquids will typically be preferred. The compositions 
may be applied in neat form, that is, without additional dilution, to the surface of the 
conveyor part or container. Alternatively, the compositions may be diluted to an 
appropriate extent to facilitate application to the surface of the conveyor part or 
container. 
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[0026] In addition to the at least one hydrophobic polymer and the at least one wax, 
the lubricating coatings of the present invention may contain other additives 
commonly found in container and conveyor lubricants and coatings. Suitable 
additives include, but are not limited to, anti-microbial agents, pigments, surfactants, 
wetting agents, defoaming agents and durability enhancers, such as zinc oxide. The 
cured lubricant coatings of the present invention reduce the coefficients of fiiction of 
the surfaces to which they are applied. The lubricating coatings are capable of 
providing coefficients of fiiction of no more than 0.16 as measured using a short track 
conveyor test. This includes embodiments where the lubricating coatings, as applied, 
provide a surface having a coefficient of friction of no more than 0.1 5, further 
includes embodiments where the coefficient of fiiction is no more than 0.14, still 
fijrther includes embodiments where the lubricating coatings, as applied, provide 
surfaces having a coefficient fiiction of no more than 0. 13, even fiirther includes 
embodiments where the lubricating coatings, as applied, provide surfaces having a 
coefficient of fiiction of no more than 0.12, yet fiarther includes embodiments where 
the lubricating coatings, as applied, provide surfaces having a coefficient of fiiction of 
no more than 0. 1 1 and even further includes embodiments where the lubricating 
coatings, as applied, provide surfaces having a coefficient of fiiction of no more than 
0. 1 . The phrase "as applied" as used herein is used to refer to the lubricating coatings 
after they have been cured on the surface of a container or a conveyor but prior to any 
contact with water or any other polar liquid which might produce hydroplaning 
effects. The short track conveyor test used to obtain the coefficient of fiiction values 
for the solid lubricating coatings is described in detail in the examples section below. 

EXAMPLES 

[0027] Example 1 : Cured Lubricant Containing Acrylic Polymers . 

[0028] An exemplary acrylic lubricant formulation containing a mixture of a 
polymeric emulsion, an alkali soluble resin, and a camauba wax is presented in this 
example. The formulation for the composition used to produce the lubricating coating 
is provided in Table 3. 

Table 3. 



Atty. Dkt. No. 027969-0114 



Ingredient 


Weight Percent 
(Total) 


Percent 
Solids 


Water 


59.8 




Diethyleneglycol 
ethyl ether 


2.72 




Zonyl FSE 
Fluorosurfactant 


0.11 


0.02 


Aquaslip 952 
Wax Emulsion 


21.75 


5.44 


Ammonium 
Hydroxide 


0.27 


- 


B-98 Resin 
Solution 


8.97 


2.50 


C-41 Polymer 
Emulsion 


5.44 


1.90 


Zinc Ammonium 

Carbonate 

Solution 


0.92 


0.14 


SE21 Defoamer^ 


0.01 










TOTAL 


100.00 


10.00 



' SE 21 is a defoamer commercially available from Wacker Chemical Corp., Mount Laurel, N.J. 

[0029] The coefficient of friction for a set of sample bottles traveling on a conveyor 
belt coated with the formulation of Table 3 was measured. The apparatus used to 
measure the coefficient of fiiction is shown in FIG. 1 . The composition was applied 
to a clean short track conveyor belt using a manual spray bottle and cured. The 
composition was applied in an amount of about 1.2 to 2.2 mg/cm^ until approximately 
8 grams of the composition had been applied. The composition was then allowed to 
cure for about 20 minutes until dry to the touch. The coefficient of fiiction for bottles 
traveling on a conveyor belt having a cured lubricant coating thereon was tested using 
a short track conveyor test. The short track conveyor test was conducted as follows. 
Each lubricant composition was applied onto a motor driven laboratory table top 
conveyor belt 102, as shown in FIG. 1 . The laboratory table top conveyor system 103 
was a 71f2" SS815 stainless steel conveyor from Simplimatic Engineering, 6'0" long, 
with adjustable guide rails (not shown), casters (not shown) and Top Conveyor 3i4 
HP variable speed drive (not shown), including stainless steel drip pan (not shown) 
measuring 12" wide by 6'6" long. After application of the lubricant composition to 
the conveyor belt, the composition was allowed to cure at room temperature under 
ambient conditions until a cured solid coating resulted. Six 12 oz. long-neck glass 
beer bottles 104 were placed on the conveyor and held stationary as the conveyor was 
allowed to run at a speed of 1 .35 meters/second. The conveyor was started and the six 
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bottles 104 were placed onto the surface one by one into a load cell loop 106 
connected to a strain gage load cell 108 (model no. 363-D3-50-20pI from Process 
Instrument and Valves, Inc.). The load cell was interfaced with a digital indicator 1 12 
(model IMS from Process Instruments and Valves, Inc.) and calibrated at regular 
intervals following the standard instructions provided with the meter. A cahbration 
jig may be used to calibrate the load cell. The calibration jig 1 14 is an apparatus that 
suspends a low friction pulley (4") 116 off the back of the conveyor. Small gage 
calibration wire or cable 1 1 8 (of negligible mass) is secured to the load cell 108 and 
draped over the pulley 116. A weight 120 is secured to the opposite end during the 
calibration of the load cell 108. The total weight of the bottles 104 and the load cell 
loop 106 was about 2854 grams. The conveyor with the bottles was allowed to run 
for 30 minutes while drag levels were recorded. The drag levels may be read 
manually or may be read from a strip chart recorder 110 (model BD 40 from Kipp- 
Zonen). After 30 minutes a final drag reading was recorded. 

[0030] Once the dry run measurements were completed, the coated conveyor was 
sprayed with tap water from a 32 oz. trigger sprayer to wet the conveyor surface for 
two minutes at approximately 115 grams/minute. The conveyor was then run with the 
test bottles in place and coefficient of friction measurements were taken over a period 
of about 30 minutes, during which the conveyor was allowed to air dry. The results of 
these "wet" runs demonsfrated that the conveyor coatings were able to recover their 
low coefficient of friction values once the coatings have dried. 

[0031] The lubricity of a particular lubricant was measured as the bottle drag in the 
horizontal plane divided by a known load in the vertical plane. Coefficient of friction 
values were measured using dry coatings and coatings that had been exposed to water. 
The coefficient of friction was used to measure the lubricity of the conveyor. To 
obtain this measurement, the final drag measm-ement was converted to a coefficient of 
fiiction (COF) measurement using the following calculation: 

COF = drag in the horizontal plane (from load cell) 
total bottle weight 

[0032] As shown in FIG. 2, the coefficient of fiiction measurements for the cured 
lubricating coating made from the formulation of Table 3 ranged from about 0.04 to 
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about 0.07 under dry conditions and from about 0.07 to about 0.13 under wet 
conditions. 

Example 2 : Cured Lubricant Containing a Polyurethane 

[0033] A polyurethane-based lubricant was produced by combining the ingredients 
in Table 4 in the order shown. 

Table 4. 



Ingredient 


Weight Percent 
(Total) 


Percent Solids 


Water 


63.69 




Licowet ¥2" 


0.01 




Neorez R 9403" 


16.2 


5.02 


Aquaslip 952 


20.08 


5.02 


Byk 024" 


0.03 


0.03 








TOTAL 


100.0 


10.07 



Licowet F3 is a fluoroalkyl sulfonate salt solution available from Clariant Corp., Charlotte, N.C. 
' Neorez R 9403 is a polyurethane dispersion from Neoresin Corp. 
*' Byk 024 is a defoamer from Byk Chemie Company. 



[0034] The polyurethane-based composition was applied to a short track conveyor 
as described in Example 1 . The composition was applied using a manual spray 
applicator in an amount of 0.8 to 2.2 mg/cm^ imtil approximately 6.8 grams had been 
applied. The composition was then allowed to cured for about 1 hour, until dry to the 
touch. The total weight of the bottles and the load cell loop was about 2787 grams. 
The coefficient of friction for the resulting coating was measured under both wet and 
dry conditions as described in Example 1. As shown in FIG. 3, the coefficient of 
fiiction for bottles on the coated conveyor belt ranged from about 0.05 to about 0.08 
under dry conditions. The measured coefficient of fiiction for the coating under wet 
conditions ranged from about 0.08 to 0.11. 

[0035] As will be imderstood by one skilled in the art, for any and all purposes, 
particularly in terms of providing a written description, all ranges disclosed herein 
also encompass any and all possible sub-ranges and combinations of sub-ranges 

thereof Any listed range can be easily recognized as sufficiently describing and 
enabling the same range being broken down into at least equal halves, thirds, quarters. 
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fifths, tenths, etc. As a non-limiting example, each range discussed herein can be 
readily broken down into a lower third, middle third, and upper third, etc. As will 
also be understood by one skilled in the art, all language such as "up to," "at least," 
"greater than," "less than," and the like, include the number recited and refer to ranges 
which can be subsequently broken down into sub-ranges as discussed above. 

[0036] It is understood that the invention is not confined to the particular 
embodiments set forth herein as illustrative, but embraces all such forms thereof as 
come within the scope of the following claims. 
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